Carbonic anhydrase enzyme plays a vital role in metabolic events such as acid-base regulation and respiration. In our research, it is tried to determine the inhibitory influences of the cardiovascular therapeutics esmolol hydrochloride, amiodarone hydrochloride and lidocaine hydrochloride on human erythrocytes carbonic anhydrases (hCA I and II). In accordance with this purpose, carbonic anhydrase isoenzymes were purified from human erythrocytes by using affinity chromatography method. Enzyme purity was checked by SDS-PAGE electrophoresis method. After the carbonic anhydrase enzymes were purified, the inhibitory affects of cardiovascular therapeutics on these enzymes, using esterase activity, which is the method of measuring in vitro activity, were examined. The three cardiovascular therapeutics dose-dependently decreased activity of hCAs. IC50 values of amiodarone hydrochloride, esmolol hydrochloride and lidocaine hydrochloride were found to be, respectively, 0.91 mM, 5 mM, 5.8 mM for hCA-I and 0.41 mM, 3.5 mM, and 6.36 mM for hCA-II. Our results proved that, under in vitro conditions, cardiovascular therapeutics significantly inhibit human CA-I and II activities. So, irregular use of these medicines may cause serious adverse effects in terms of human health.
Introduction
Carbonic anhydrases (EC 4.2.1.1) are one of the most critical enzymes of the biological compositions and this enzyme contains a zinc metal ion in its active center. CAs catalyze the interconversion of CO2 to bicarbonate (HCO3 -) ion. In addition to, carbonic anhydrase involved in very different physiological procedures like pH and carbon dioxide homeostasis, biosynthetic reactions (such as lipogenesis, ureagenesis, and gluconeogenesis) and pathological processes like tumor growth and calcification [1, 2] .
Sixteen isoenzymes of carbonic anhydrase has been detected up to now in animal kingdom. These isoenzymes indicate a difference in terms of their catalytic activity, subcellular localization and sensitivity to varied classes of activators and inhibitors [3] . CA-I and CA-II are cytosolic isozymes and they are abundant amounts of erythrocytes. The most important function of these isoenzymes is in the respiration by catalyzing the metabolism product, the CO2 molecule, the reaction of HCO3 -in the tissue capillaries, and the conversion of HCO3 -into CO2 in the pulmonary capillaries. CA II isoenzyme is the most studied isoenzyme which has the highest turnover number in CAs [4] . CA-II plays a role in primer transport of sodium to the eye and it helps to regulate the intraocular pressure [5] . In addition to its physiological functions, the literature also mentions that CA-II is associated with cancer. CA-II isoenzymes are responsible for regulating the pH balance between the cancer cells and the microenvironment. [6] . In vitro cell culture, which resembles the conditions of cancer cell microenvironment, has been shown to increase CA-II expression in endothelial cells [7] . Yoshira and colleagues as shown in their research that CA-II is expressed in endothelial tumor vasculature of lung, renal, esophageal, and melanoma cancers [8] . It is also reported by Parkkila et al. that CA-II can be used as a biomarker in gastrointestinal stromal tumors [9] . Due to all these functions, CAs are vital in metabolism and it is very important to know the inhibitors of carbonic anhydrase isoenzymes for biomedical applications.
In this research, it is examined the in vitro inhibitory affects of cardiovascular therapeutics esmolol hydrochloride, amiodarone hydrochloride and lidocaine hydrochloride on the activities of human erythrocyte carbonic anhydrases. Esmolol hydrochloride is a cardioselective agent that blocks the β1 adrenergic receptor. It's commonly used in the treatment of ventricular and supraventricular arrhythmias, which are frequently used in emergencies [10] . Amiodarone hydrochloride is an antiarrhythmic drug. It has been used in treating of diverse irregular heartbeats [11] . Lidocaine hydrochloride exerts an antiarrhythmic effect. It has been used to treat ventricular tachycardia. In addition to, it can be used for nerve blocks [12] .
Consequently, carbonic anhydrases (CA-I and II) were purified in one-step from human erythrocytes and studied in vitro inhibitory effects of esmolol hydrochloride, amiodarone hydrochloride, lidocaine hydrochloride ( Figure 1 ) on these important isoenzymes. It has been found that hCA I and II enzyme activities are reduced at very low concentrations of the above mentioned medicines. 
Materials and Methods
Para-aminobenzene sulfonamide and L-tyrosine were provided by E. Merck (Merck KGaA, Darmstadt, Germany). Protein assay reagents, electrophoresis chemicals and activated with CNBr Sepharose 4B were provided by Sigma-Aldrich Co. All other chemicals used in our study were provided from SigmaAldrich or Merck companies. Esmolol hydrochloride, amiodarone hydrochloride, lidocaine hydrochloride were purchased from a local pharmacy.
Enzyme activity method of carbonic anhydrase
The measurement of the activity of the carbonic anhydrase isoenzymes can be tested in two different in vitro methods:
Hydratase activity method
The hydratase activity based on the computation of physiological activity of the carbonic anhydrase enzyme is one of the measurement methods of the carbonic anhydrase enzyme activity. As Wilbur and Anderson reported the hydratase activity method was performed [13] . The hydratase activity values were computed as the enzyme unit (EU) using the (t0 -tc)/ tc equation. (t0= the time change in pH of the non-enzymatic reaction, tc= the time change in pH of the enzymatic reaction.) We used this activity measurement method during all the purification procedures.
Esterase activity method
The esterase activity based on the monitoring of the absorbance differences on the conversion between 4-nitrophenyl acetate and the 4-nitrophenolate ion was used to measure the in vitro activity of carbonic anhydrase enzyme [14] .
Purification of human erythrocyte carbonic anhydrase isozymes through affinity chromatography
The purification procedures of the CAI and CAII isozymes were performed by the Sepharose-4B Ltyrosine sulfanilamide affinity chromatography column as in our previous work [15] .
Determination of Protein
The amount of protein in all purification procedures were detected using a spectrophotometer at 595 nm wavelength as stated in the Bradford procedure where bovine serum albumin protein was used as a standard protein [16] .
SDS-polyacrylamide gel electrophoresis
The purity of the isoenzymes was checked using the SDS-PAGE procedure using gels prepared in two different acrylamide concentrations, 3% to running gel and 8% to stacking gel, as reported by Laemmli [17] .
In Vitro inhibition studies
The activities of Carbonic anhydrases were carried out spectrophotometric method which by monitoring the absorbance changes at 348 nm wavelength. Enzyme inhibition studies utilized esterase activity procedure. 4-nitrophenyl acetate (NPA) was used as the substrate for the carbonic anhydrase enzyme in this method. The inhibition efficacy of amiodarone hydrochloride, esmolol hydrochloride, lidocaine hydrochloride on the activity of pure carbonic anhydrases from human erythrocyte were studied. These studies were carried out by testing three times in five different drug compounds concentrations.
Percentage of enzyme activity values versus drug concentration graphics was plotted and IC50 values were computed from these curves.
Results
The carbonic anhydrases (hCA I and hCA II) were purified from human erythrocytes. hCA-I and hCA-II isozymes were purified with a yield of 39.5% and 49.5% and specific activity of 441.1 and 4411.7 EU mg −1 , respectively using affinity gel chromatography which is a chromatographic method based on selective absorption. The whole purification was about 59.9-fold for hCA-I and 599.4-fold for hCA-II. (Table 1) . Using affinity chromatography each purified isoenzyme gave a single band in SDS-PAGE (Figure 2 ). Inhibition studies were performed with this purified enzyme. The inhibitory affects of certain cardiovascular therapeutics (amiodarone hydrochloride, esmolol hydrochloride, lidocaine hydrochloride) on these in vitro enzyme activities were assayed and IC50 values were calculated using activity%-[inhibitor] graphics ( Figure 3 and Figure 4 ). (Table 2) . 
Discussion and Conclusion
The importance of CA inhibitors in the treatment and diagnosis of diseases has been revealed as a result of inhibition studies on CA enzyme for the treatment of glaucoma disease. In these studies, besides clarification of catalytic mechanisms of CA enzyme, the distribution of this enzyme to tissues and the vital functions in these tissues are understood. As a result of, the synthesis of inhibitors and activators of the CA enzyme has been accelerated. Up to now, various inhibitors of CAs have been synthesized and some of them have been used as a drug in the treatment of different diseases like cancer, glaucoma, epilepsy and other neurological illness [18] .
Various studies have now been carried out on the basis of many of the diseases in which the activities of some proteins increase and the activities of these proteins have to be selectively stopped by certain chemical substances. On the other hand, it is crucial to investigate the side effects of drugs used in the treatment of many diseases. Because drugs and chemical substances show their effects on metabolism through enzymes. That is, they stop or enhance the activity of a particular enzyme. Therefore, knowing these effects of molecules is very important for drug design studies [18, 19, 20] .
In presented research, it was objected to define the inhibitory effects of some cardiovascular therapeutics on carbonic anhydrase I and II isoenzymes which purified from human erythrocytes. In accordance with this purpose, hCA-I and hCA-II enzymes were purified by using Sepharose-4B-L tyrosine-sulfanilamide affinity gel chromatography. hCA-I and hCA-II isozymes were purified with yield of 39.5% and 49.5% and specific activity of 441.1 and 4411.7 EU mg −1 , respectively using affinity gel chromatography which is a chromatographic method based on selective absorption. The aggregate purification values were approximately 59.9-fold for hCA-I and 599.4-fold for hCA-II. Additionally, purities of the isoenzymes were controlled using SDS-PAGE. Purified hCA-I and hCA-II isoenzymes showed a single band at 29 kDa on the SDS-PAGE gel (Figure 1 ). Afterwards all purification steps, the in vitro inhibitory affects of cardiovascular therapeutics (Amiodarone hydrochloride, esmolol hydrochloride, lidocaine hydrochloride) on hCAs activities were designated at different drug concentrations using the esterase method. One of the reactions that do not occur in the physiological environment is esterase activity, which is catalyzed by the Carbonic Anhydrase enzyme. The esterase activity method basis for the hydrolysis of p-nitrophenyl acetate by carbonic anhydrase enzyme. The formed p-nitrophenol is ascertained spectrophotometrically by light absorption at 340 nm. [14] .
Thus, amiodarone hydrochloride, esmolol hydrochloride, and lidocaine hydrochloride showed inhibitory influences on esterase activities of hCA-I and hCA-II. The inhibition values of the enzymes are designated by calculating IC50. In our presented study, IC50 values of amiodarone hydrochloride, esmolol hydrochloride and lidocaine hydrochloride from drug compounds concentration versus activity% regression analysis graphics showed millimolar levels for hCA-I and hCA-II isozymes. IC50 values of amiodarone hydrochloride, esmolol hydrochloride and lidocaine hydrochloride for hCA-I were determined as 0.91 mM, 5 mM, 5.8 mM, respectively. IC50 values of amiodarone hydrochloride, esmolol hydrochloride and lidocaine hydrochloride for hCA-II were determined as 0.41 mM, 3.5 mM, 6.36 mM, respectively. It is clear from these results that each of these three drugs is an effective inhibitor of the human CA isoenzymes. Nevertheless, amiodarone hydrochloride was show more efficient inhibition effect on each carbonic anhydrase isoenzymes compared with esmolol hydrochloride and lidocaine hydrochloride. In our previous study, tenoxicam, fluorometholone acetate and dexamethasone, which are anti-inflammatory agents, effectively inhibited carbonic anhydrase I and II enzymes. In the mentioned study, IC50 values of tenoxicam, fluorometholone acetate, and dexamethasone were found to be for the CA I enzyme 0.198, 2.18 and 11.7 µM, and for the CA II enzyme 0.11, 17.5 and 14 µM, respectively [15] . In another study, the inhibitory effects of ceftriaxone sodium, imipenem, and ornidazole drugs on the CA-I and CA-II isoenzymes purified from human erythrocytes were investigated and the IC50 values for CA-I were found to be 1.9, 0.0081 and 0.318 mM and 2.542, 0.0258 and 0.343 mM for CA-II, respectively [3] . It is clear from these results, besides the drug compounds mentioned above, amiodarone hydrochloride, esmolol hydrochloride, and lidocaine hydrochloride compounds are also quite effective CA-I and CA-II inhibitors.
Consequently, the hCA-I and hCA-II isozymes that isolated from human erythrocytes were purified in a single step with a very high specific activity. Amiodarone hydrochloride, esmolol hydrochloride, and lidocaine hydrochloride indicated inhibitory influences on these enzyme activities at quite low concentrations. Unlike esmolol hydrochloride and lidocaine hydrochloride, amiodarone hydrochloride showed a very strong inhibitory effect. The Inhibition of some enzymes that occur in tissues can lead to many disorders. Because of carbonic anhydrase role in vital metabolic events such as acid-base regulation and respiration, the inhibitory affect on the hCA-I and hCA-II activity of these cardiovascular therapeutics can cause harmful consequences for human health.
